INTRODUCTION
Malaria is a common vector borne disease accounting for more than 23 million deaths worldwide.
1 It remains one of the major causes of mortality in Sub Saharan Africa, Asia and Latin America.
2,3 An estimated 2.8 million cases have been reported in India, alone which has increased the need for a joint effort to control this disease.
4,5
With an estimated 70% of global population living in high malaria risk areas, there is always a threat of the disease reoccurring even in countries that have once successfully eradicated. 6, 7 The risk of resurgence could be attributed to factors such as population migration, disasters or conflicts, relatively weak control programs either due to lack of funds or a false sense of security in such places. 3, 8 A narrative literature review was thus conducted to critically assess the practicality of malaria control interventions from Nepal and other countries. Literatures were intensively searched in electronic databases such as Google Scholars, PubMed, ProQuest, Cochrane database of Systematic Review and the Curtin University library database. Combinations of key words (like malaria control, malaria transmission, vector born disease, public health intervention, effectiveness and prevention strategies) were used to access literatures published between 2000 and 2016. Reference list of available literatures were examined for additional relevant literatures. The authors also searched gray literatures and reports published by the Government and non-Government organizations of Nepal. Literatures published in language other than English were excluded from the review. The authors then maintained an EndNote (version X6) library to avoid duplication of the retrieved literatures. The authors read and reread the relevant literatures to extract the qualitative and quantitative information through note taking the major findings. This led the authors to narrate their findings under themes and sum themes as structured in his paper.
MALARIA IN NEPAL
Nepal has a population of 26.5 million out of which 70% live in malaria prone areas.
9 Majority of these high-risk areas are the lowlands Terai of Nepal bordering India in the South. 10, 11 The Terai region is also the most densely populated area constituting of 50.27% of the total population. 12 The government has listed 13 out of 75 districts as high-risk areas, while it is still an endemic in an additional 52 districts. 10 There has been a considerable decrease in the number of malaria case reported over Infectious diseases are a major problem for developing countries. Controlling and eradicating these diseases have remained a challenge because of the multitudes of social and environmental factors involved. However, a multi-sectoral and collective effort in dealing with these diseases has been shown to result in positive outcomes. This paper looks at the current situation of Malaria in Nepal and a population that is at high risk. It explains the impact that social and environmental determinants have on this target population. This review then critically examines the various possible public health interventions that could potentially help in the control of malaria in this high risk population, drawingthe years. Statistics have shown a decrease in the number of malaria reports from an alarming 42,321 cases in 1985 to just 3,115 cases in 2010. 10 Contrary to the African scenario, three-fourth of the reported cases have been in people aged over 15 years with less than 1% affecting children below five years. 10, 13 In this context, this paper examines public health interventions to decrease malaria in the population aged over fifteen years living in the high-risk 13 districts. It also focuses more on the lower and middle-income population.
Review of Social and Environmental Factors
Various social and environmental determinants play key roles in the malaria burden. Nepal is one of the poorest developing countries in the world with Gross Domestic Product (GDP) per capita (PPP) around $1200.
10 Despite a decrease of 10% in the poverty levels between 1996 and 2004, there is still a marked difference between the rich and poor.
14 Poverty influences disease burden by promoting hesitation to seek early treatment leading to late diagnosis and increased risk of mortality.
15-17
Low household income makes buying protective nets unaffordable or even decreases its priority among expenses.
Moreover, with 83% of population living in rural areas with lack of road, employment opportunities, there is a growing problem of emigration.
12 Migration has been further fueled by the ten-year Maoist insurgency in Nepal. 18 Migration to India, a high malaria endemic area, for work, also increases the possibility of cross border spread. 19, 20 Increased urbanization in Terai means increase in construction sites leaving wet and damp areas, which act as breeding sites for mosquitoes. 21, 22 A majority of the houses in Terai are built with mud and thatched roofs with inadequate seal thus raising the risk of malaria.
23
With a fertile and flat landscape, the Terai is regarded as the capital of agriculture. A large area of wetlands for agriculture near settlements, in addition to the long working hours of farmers in the fields without protective clothing, leaves them susceptible to mosquito bites.
24
Around 25% of males and 43% of females in Nepal are illiterate. 12 It has been well argued that increased literacy increases economic status and brings about awareness and ability to step beyond the traditional and customary ways of dealing with a disease. 25 Lack of education has always been major obstacle in getting people to change their knowledge, attitude and beliefs. There is still a persistent caste discrimination culture in the Terai region of Nepal where the lower caste population are often secluded and barred from their basic rights such as education and employment. 26 Global warming has increased the risk of natural calamities such as flooding, increased temperature and humidity, which there by further increases the risk of vector borne diseases. [27] [28] [29] [30] To avoid the extreme heat reaching nearly 43 degrees Celsius during monsoon season, most of the male population in Terai sleeps outdoors without protective nettings. Floods are common every year in the Terai because of its low lands. Lack of drainage and toilet facilities have left stagnant pools of water near settlements. Majority (75%) of the population living in Terai does not have a toilet in their house. 12 The proximity of irrigation canals, artificial ponds, and farms near the Terai settlements act as reservoirs for mosquito breeding. 31 All these environmental factors increase the risk of malaria.
ANALYSIS OF PUBLIC HEALTH INTERVENTIONS FOR MALARIA CONTROL Insecticide Treated Nets (ITN) and Long Lasting Insecticidal Nets (LLIN)
Evidences support the contention that major decline in malaria is attributed to ITNs and LLINs. The ITNs are conventional mosquito nets that are treated with insecticides; mainly pyrethroids or non-pyrethroids, while the LLINs are manufactured in factories with 2% permethrin impregnated insecticides and remains effective even after 15 washings or for a period of more than three years. 32 In Nepal, 1,209,320 LLINs were distributed freely by the government, with the support of international organisations, to the population in highrisk villages and to pregnant women visiting government institutions for antenatal care. 10 There was significant decrease in the number of malaria cases during 2006-2010, when these nets were distributed. This indicates the effectiveness of the use of LLINS in decreasing malaria.
The use of ITNs and LLINs have been recommended by World Health Organisation as a major form of intervention to control malaria. There have been many studies to test the effectiveness of these insecticide treated nets. Studies have shown that treated nets are more effective in decreasing malaria than non-treated nets. 33, 34 The per person cost of ITNs in India, which can be comparable to the cost in Nepal, is around US$1.6, and since this cost is just a one off for a year or even for three years for LLIN it is not as expensive when compared to the mean cost per case averted which stands at US$52. 36 This is a significant result when considering the prevalence of the same species of mosquito spreading malaria in Nepal.
Some studies have reported how species like Anopheles gambiae and Anopheles funestus in Africa have started showing resistance to Pyrethroid treated ITNs. 37 This is less of concern because of the paucity of the aforementioned species of Anopheles mosquitoes in Nepal. However, the issue of resistance raises some areas of concern as Indoor residual spraying (IRS) in Nepal primarily uses pyrethroids. Even reports on LLINs distributed in Kanchanpur districts indicated a decrease in efficacy of the nets by 60% after four washings, which require further investigation. 10 The problem with LLINs in Nepal is the difficulty in reaching out to the whole population and the effect of user compliance on efficacy, which cannot be controlled.
Indoor residual spraying (IRS)
IRS intervention is aimed at decreasing the vector population with the use of insecticides such as dichlorodiphenyltrichloroethane (DDT), pyrethroids and non-pyrethroids compounds.
38 IRS was one of the alternative interventions deployed by Nepal between 2004 and 2009 in several malaria risk areas where several forms of pyrethroids were sprayed biannually for five years in selected high-risk areas. Though this intervention resulted in a decrease of malaria transmitting Anopheles mosquitoes resulting in decreased malaria cases in some areas, a few places showed no significant changes. 10 It was estimated that 13,501kg of insecticide at a cost of US$ 158,646 was used during the process with a coverage of over 116,856 houses in 2007. 10 Indoor residual spraying costs US$ 0.62 per person per year and US$ 3.30 per household per year. 39 There has been a considerable debate over the efficacy of IRS alone in decreasing the burden of malaria. IRS is regarded as a costly approach with possible health hazards but it has shown, at times, that it does indeed provide protection from malaria. 38, 40 IRS success stories with DDT date back as early as the Second World War when it was used successful in overcoming malaria. 41 Studies in Mozambique and South Africa showed a resurgence of malaria during the 1980s and 1990s after Anopheline mosquitoes started showing resistance to IRS containing pyrethroids. 42 The two countries reverted to DDT sprays and within six years of reintegration malaria was controlled. 43 A study conducted in the island of Bioko showed a considerable decrease of Anopheles fluviatilis just after the first round of spray of pyrethroids while the resistant Anphoeles gambie mosquitoes were susceptible to carbamate containing IRS. 44 Similarly, decrease in the malaria cases was seen in Orissa, India after IRS using DDT. 45 Cultural restrictions prevent IRS from being used inside houses, however, even sprays done in cowshed adjacent to the households also showed a significant effect on the number of mosquitoes. 45 The cost of IRS per house per six months comes to an average of US$2.2, which is significant compared to the cost it saves from treatment.
42 India is also one of the largest producers of DDT in the world, which makes the product available and cheap in Nepal. 41 The use of IRS could be a major intervention aimed at vector control in the Terai.
Mass Media Campaign
Lack of knowledge about the severity and cause of Malaria is still prevalent in many areas of Nepal. 9, 46 This inadequate knowledge is attributed to a large illiterate population. Nepal has not had a structured, comprehensive mass media campaign (MMC) as an intervention on malaria. For example, school curricula of Nepal, as well as the other parts of developing countries, do not adequately provides life skill information about malaria prevention such as the effective use of ITNs. 47 Mass media aims to reach out to the population at risk through various promotive and preventive methods. It can be in the form of plays, songs, posters and pamphlets, street dramas and campaigns through the television or radio. These campaign aims at providing comprehensive knowledge about malaria and its prevention to the community at risk. 48 Mass media is seen to reach out to even the culturally sensitive population in an effective way. This form of intervention is also feasible when dealing with a large population at an instant. The major aim of mass media is to bring about a change in behavior.
Mass media has been used for malaria prevention in many countries across the world. A campaign encouraging people to repair faulty bed nets through songs and posters proved a major success in Gambia. 49 Generally, an illiterate population lack comprehensive knowledge on any disease, increasing the likelihood of severe complications. A study done in poor, less educated and marginalized population in Bangladesh showed that one third of the population had no knowledge on the mode of transmission of malaria.
50 Similar strata in Nepal often revert to traditional healers for any form of treatment, which could be detrimental. Street dramas or puppet shows could be a way of imparting this knowledge in such a population. A similar intervention module used in Rajasthan in a predominantly illiterate population showed a positive change in knowledge and practices. 51 The 'NightWatch platform' used in Cameroon, Senegal, Chad and Tanzania that combines providing comprehensive knowledge on preventing malaria followed by regular reminder using celebrities and media such as radio and television has been a huge success. 52 This campaign showed a significant increase in use of bed nets in Cameroon; from 30.6% to 52.3% among adults and from 41.1% to 65.4% among children under five years. 52 Mass media campaigns require huge amount of funds from developing the campaigns to broadcasting it, which could be a constraint. However, a campaign through the female health care volunteers and local community members in Nepal, for instance, can decrease the cost significantly.
RECOMMENDATIONS
Each intervention has its own strengths in controlling malaria. A multi-sectoral and multi-dimensional approach using all three interventions collectively is required for proper malaria controls the Terai region. ITNs and IRS used together in many countries showed better results compared to only one intervention, by preventing mosquito bites and also controlling the vector population. 53 Involvement of community groups, national and international agencies will be important to support the government in dealing with the high cost of the combined intervention. There is a definite need of using ITNs not just for the females and children sleeping indoors but also for a majority of male adult population sleeping outdoors in the Terai because the hot climate. Similarly, there is a periodic need for IRS in susceptible settlements adjoining cattle sheds, irrigation canals, and paddy fields. Mass media is necessary to provide knowledge to the uneducated and marginalized communities on malaria prevention and management. A constant reminder will help bring about a change in behavior. It is worthwhile piloting this combined intervention program design in two districts before scaling out to the other districts.
CONCLUSIONS
A lot of effort has been made to control the spread of malaria in Nepal. There has been some success in decreasing the disease burden to some extent. A constantly mobile population and the social and environmental factors associated with the disease make the process even more challenging. A lack of success in eradication could be attributed to the cost of interventions or the lack of motivation in the part of the population. A combined approach with IRS and change in attitude regarding the use of ITNs or LLNs through a mass media campaign could be the solution to this situation. However, there is a definite need for a collaborative effort starting from the community level Public Health Interventions for Control of Malaria in the Population Living in the Terai Region of Nepal to the policy level in dealing with this issue.
